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1. SCOPE. 1liis TOP describes the methods available for asseusing the ability of
armored vehicle armor to provide protection against attacking projectiles and
. land mines. Tests of the basic armer rather than tests of the vehicle are em-

phasized. Related topics covered by other TOP's are: Accesslon Tor
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Armored Vehicle Vuiwverability to Conventional Weapons, 2—2—6171*

Resistance to Severe Sliock (Armored Vehicles), 2-2-620

Armor Weldments, 2-2-711

Qi Protection of Armored Vehicles Against Kinetic Energy Projectiles,
N 2-2-715% 5

' Fragment Penetration Tests of Armor, 2-2-722

A Ballistic Testing of Personnel Armor Materials, 10-2—5066

&%

2. BACKGROUND. Before a specific armor type and configuration can be selected
to provide the desired protection for an armored vehicle, samples of the armor
must be subjected to the attack conditions anticipated. The most 1important of
these conditions is atctack by Linetic energy (KE) projectiles. Over the years,
much effort has been directed toward developing the optimum sampling technique
(e.g., the velocities at which projectiles are fired) to provide & 7Juantitative
meagsare of the capability of armor to resist perforation by KE projectiles. The 1
most significant of these techniques are included in this TOP. Also important,
but requiring less sophisticated testing, are evaluations of arumor ¥c-istance to
attack by high-explosive aantitank (HEAT) projectiles, hig:-explosive (Hk) projec-
tiles, high-explosive plastic (HEP) projectiles, land mines, and projectile frag-
ments. All »f these except projectile fragments are covered in this TOP.

In addition to the concern about whether a certain type of attack will or will
not defeat an armor target, it is important in the case of defeats to know to
what extent the armor was defeated. This determination involves an appraisal of
behind-the-nlate lethality in terms of the damaging potential of armor fragmcnts
displaced to the rear of the plate and of projectile fragments that pass through
the plate.

Test samples can be in the form of flat plates (either rolled, cast, or welded),
forgings, extrusions, castings, angular welded joints, spaced armor arrangement,
or composites. The materials currently being used or developed for armor ap-
plications include steel, aluminum, titanium, ceramics, glass, nylon and other
fabrics, and plastics, as well as composite and spaced arrangements of these
materials.

An exhaqftive discussion of armor and armor testing is contained in DARCOM-P
706-170,

3. FACILITIES AND INSTRUMENTATION.

3.1 Pacilities.

: ITEM REQUIREMENT
Firing ranges Various, tc 100 m loug,

both open and enclosed. One i
open range 200 m long

Projectilex: AP, bail, fragment- Indicated by test directive or
simulating, HE, HEAT, HEP, plate specification
proofing and appropriate weapons

*Footnote numbers correspond to references in Appendix J.
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1TEM REQUIREMENT
Cooling chamber {liquic CO, or -46° C (=50° F) capability
mechanical); dry ice when re-
quired (para 5.2.3 and 3.7)
Slotted supports or "butts" for Discussed in Appendix B
holding test plates securely
ac desired obliquity
Backup support for thin plates Described in Appendix G
Quarter-scale mine test facility Described in para 5.7.2
Witness plates: steel Indicated in para 5.5.2
aluminum alloy Described in Appendix A para
2c
Cameras: high-speed Indicated in para 5.4.2
Polaroid Described in Appendix D para 2
; Special velocity panel and recov- Described in para 5.4.2

f; ery medium for lethality test

Y8

}‘ flash radiographic units for test- Described in TOP 4-2-8259

ing lethality (para 5.4), resistance
to HEP projectiles (para 5.6), znd
yaw when appropriate (Appendix D
para &)

3.2 Instrumentation.

MAXIMUM PERMISSIBLE

ITEM ERROR OF MEASUREMENT*
Thermocouples with potentiometer +1° C (2° F)
or recorder for mine tests (para
5.7)
Velocitywmeasurins instrumenta- Velocity to 1,700 m/s +0.1%
tion (TOF 4-2-8057) (5,600 fps)

4, REQUIRED TEST CONDITIONS.

a. In preparing to test armor, establish the correct plate obliquity,
taking into account such factors as compound obliquity, compensation for dif-
ferent heights of gun barrel and target, and angle of fall of projectile at simu-
lated ranges, all of which are discussed in Appendix B,

*Values can be assumed to represent +2 standard deviations; thus, the stated
tolerances should not be exceeded in more than | measurement of 20.
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b. Before firing takes place, the type of hallistic limit to be determined
nmust be established (Appendix A). The data to record regarding plate and projnrc-
tile damage must also be established (Appendix C). Early ammunition firings
should wetermine whether yaw will be a problem (Appendix D).

5. TEST PROCEDURES.

5.1 Resistance~to-Penetration Test. The resistance-io-penetration test measures
the ability of armor to withstand attack by KE projectiles or simulated projec-
tile fraxments., This property is determined by firing projectiles at the armor
target and varying the conditions from round to round in an effor:t to determine
those critical conditions wherein there 1is an equal probability of defeating the
target and anct defeating the target; i.,e., P(D) = 0.5, To express this property
quantitatively, it {3 necessary first to define what constitutes a defeat of the
armor (Appendix A) and sacond to describe the firing procedure employed (para
5.1.1).

5.1.1 V50 Ballistic Limit. The V50 ballistic limit (in m/s) is the usual means
of expressing the ballistic protection property of armor. It is obtained by
holding the thickness and obliquity of the armor target constant while varying
the projectile velocity from round tu round by adjusting the weight of propel-
lant, To be successful, the projectile-target combination must produce a transi-
tion from partial to complete penetrations, as the velocity increases, that can
be modeled by the cumulative normal (Gaussian) distribution. If enough rounds
are fired, two parameters, the mean and standard deviation, can be determined for
each ballistic test; they are referred to as the V50 ballistic limit and the
standard deviation, both expressed in meters per second. The standard deviation
is a measure of the data spread or the steepness of the curve. The methods
described in paragraphs 5.1.1.1, 5.1.1.2, 5.1.1.,3, and 5.1.1.5 assume the dis-
tribution to b: normal, while the method of paragraph S5.l.1.%4 assumes that the
data will not iit the normal curve, A detailed description of this subject is
contained in references 7, 10c and h, and 11lb (Appendix J). A typ!cal normal
distribution curve derived from firing data is shown in Figure 1.

Figure 1 shows that over a range of velocities, some of the projectiles will com-
pletely penetrate (i.e., perforate) the armor, and the rewainder will not. This
phenomenon gives rise to the zone of mixed results, which can be defined as that
range of velocities in which both complete and partial penetrations can be ob-
tained. Theoretically, this zone could extend from tae point where the cumula-
tive normal curve approaches zero to the point where it approaches 1,0, 1In prac-
tice, however, a zone of mixed results is considered to exist only if a partial
penetration occurs at a higher velocity than at least one complete penetration.
The zone of mixed results is, then, the difference in velocities between the
higheet parti2l penetration and the lowest complete penetration actually
obtained.

LI
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Figure 1. Typical distribution of complete penetrations in ballistic
tests of armor for a V50 ballistic limit of 631 wm/s (2,069 fps).

5.1.1.1 Up-and=Down Method (for Normal Distributions). This method is the one
most used historically for ballistic developwent and acceptance tests of armor
and is still used when the zone of mixed results is considered reasonably small
or can fairly well be estimated. (When the zone of mixed results is of uncertain
size, the Langlie method described in S.1.1.2 is prefervred.) The up-cnd-down
method is the m:. it efficleut in terms of projectiles ugsed. The first round to be
fired in this method is prepared with a propellant charge estimated to give a
striking ve)-ecity equivalent to the ballistic limit of the targ:-t, If the
resulting iu act is a partial penetration, the second round is prepared with a
propellant charge estimated to increase the velocity by 30 m/s (100 fps) (or more
if a le¢ - ve Jjump is obviously needed). T1f this round results in a complete
penetration, the third round is loaded with a propellant charge estimatad to
decrease the velocity by 15 m/s ( 50 fps). The velocities of subsequent rounds
are increased by 15 m/s each time a rartial penetration occurs, and decreased by
15 m/8 each time a complete penetration occurs, until the conditions of the test
are satisfied. 1If the first round had been a complete penetration, the second
round world be prepared with a propellant charge estimated to reduce the velocity
by 30 v/s (or more if required), <.c. Increments (or decrements) of no less than
30 m/# are used at the beginning until a reversal occurs (from partiai to com-
plete or vice versa), after which 15-m/s increments or decrements are used. The
following varieties of the up—and-down method are commonly used in determining
the V50 ballistic limit of armor:

a. One complete penetration aud one partial penetration within a velocity
spread of 15 m/s - A ballistic linit obtained by this methed is not very ac-
curate, This method shouid be used only when the target area or the number of
projectiles is limited., Firing is discontinued as soon as a partial penetration
is obta’~ed ac a striking veloerity that is below, but within 15 m/s of, the
lo- 28t striking velocity that produced ccmplete penetration. (Te expedite this
process, succesgeive firings at velocitics haliway between those that produced the
existing complete and partial penetrations are usually used.) These two striking

5
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velocities are then averaged to obtain the ballistic limit. When this method is
used, it is reacommended that a confirming partial penetration be obtainea, This
typa of ballistic limit is referred to as a two-round ballistic limit.

b. Two complete penatrations and two partial penetrations within a spread
of 18 m/s (60 fps) - This method is used in acceptance tests of armor or in cases
when minimal taiget area limits the number of rounds that can be fired (referred
to as a four-round ballistic limit),

¢« Three complete penetrations and three partial penetrations within a
spread of 27, 38, or 46 m/s (90, 125, or 150 fps) - A ballistic limit determined
by this method is reasonably accurate., This type (referred to as a six-round
ballistic limit) is used most in that it generally is used in all tests involving
small sras projectiles. PFiring is discontinuad as soon as three complete and
thres partial panetrations are obtained within a velocity spredd of 27, 38, or 46
m/s, as specified. These six striking velocities are then averaged to estimate
the ballistic limit. The velocity spread employed will depend on specifications
or other requirements. Reference 10h (Appendix J) can be used as a guide to
detearaine maximum velocity spread when it is not specified.

d. Five complete penetrations and five partial penetrations within 38 or 46
m/s - This method provides ballistic limits of relatively high accuracy; it is
usually eaployed in tests involving small arms projectiles or personnel armor,
Firing is discontinued as soon as five complete and five partial penetrations are
obtained within a velocity spread of 38 or 46 m/s, as specified. These 10 strik-
ing velocities are then averaged to estimate the V50 ballistic limit,

1f, in attempting to obtain a ballistic limit by the above method, the striking
velocity spread between the round causing a low complete penetration is more than
38 n/8 (or 46 m/s, if 4o prescribed) below a round causing a partial penetration,
. the ballistic limit 13 based on 10 velocities comprising the five lowest striking
velocities that resulted in complete penetrations and the five highesat striking
velocities that resulted in partial penetrations, regardless of the spread. 1In
such instances, it is usually necessutry to fire a dozen or more rounds before the
required results are obtained. Firing is terminated as soon as the 10 required
rounds have been accumulated,

5.1.1.2 Langlie Method (for Normal Distributions). Ballistic limits obtained by
the Langlie method can require more rounds than the methods in 5.1.l1.1 a, b, and !
i

¢ above, and about the same as the method in 5.!.l.1.d. The ballistic limit ac-
curacy should, therefore, be about the same as that of 5,1.1.1 d. This method is
employed when nncertainty exists regarding the plate-projectiie interaction and
the size of the zone of mixed results. The technique assure’ that a large per-
ceatage of the zone of mixed results is explored. It is also employed when a
greater degree of accuracy is desired than can be obtained by other less costly
methods., Reference 12 (Appendix J) provides the theoretical development. Below
is the application to ballistic testing. To conduct this rest, the test directox
must take the following specific actions:

&, Select a lower and upper projectile velocity limit (gates) so that the
probability of obtaining a complete penctration at the lower velocity or a par-
tial penetration at the upper velocity is highly unlikely.

b. Fire the first round at a velocity midway between these two limits,

6

- L PO TG T TR T TN R

T S A A N N L L L Ry R L K SRS R NN T T S
R NN S R FACIE TR IENETWENTAT)Y VY SN ERY RN Ak '\'uﬁ?;}uﬂ'm.z\iL}._-:J, cate g




R A O . Y T T R L W s, L L g el A LWL, 2 Ve Tt Wa¥Fa®a B

7 February 1984 TOP 2-2-710

c. If the first round results in a complete penatration, drop the velocity
of the second round halfway between the first r¢und veloecity and the lower limit
velocity; 1if a partial penetration, raise chenvelocity of the second round
halfway between the first and upper limit velncitv.

d. 1If the first two counds result in 1 reversal (one partial, one com-
plute), fire the third round midway in velocity betwven the velocity of the first
two rounds. 1f the first two rounds result in two partials, fire the third round
at a velocity midway between the second round velocity and the upper 1limit
velocity. 1If the first two rounds result in two completes, fire the third round
i midway between the second round velocity and the lower limit velocity.

e. Fire succeeding rounds using the following rules:

f_ (1) If the preceding pair of rounds resulted in a reversal (one partial,
one complete), fire at a velocity midway between the two velocities.

3 (2) If the last two rounds did not produce a reversal, look at the last
four rounds., If the numbar of completes and partials is equal, fire the next
round midway between the velocity of rhe first and last round of the group. If
the last four did not produce cqual numbers of partials and completes, look at
the laat six, eight, etc., until the number or partials and completes is equal.
Always fire at a velocity midway between the first and last round of the group
exanined.

(3) If the conditions in (2) above cannot be satisfied and the last round
fired vesulted in a complete, fire the next round at a velocity midway between
the last round and the lower velocity liwmit; otherwise (last round is a partial),
midvay between the velocity of the last round and the upper limit.

(4) Coantinue as in (1) and (2) above until the requirement for rounds has
been met; i.e., 12 rounds urless otherwise specified,

f. If the firing does not produce a zone of mixed results, compute V50 by
averaging the lowest complete and highest partial.

g. If the firing produces a zone of mixed results, compute VY50 and standard
deviation by using the cumulative normal and the principle of maximum likelihood.
A computer program is available at Aberdeen Proving Ground (APG) for this purpose
(ref, 10e, Appendix J).

h. In cases in which it becomes obvious after a few rounds have been fired
- that the estimated V50 was too high or too low, a readiustment of this estimate
‘ can be made along with newly selected upper and lower gates. Then continue
firing as prescribed. This process results in a slightly more accurate deter-
mination of the ballistic limit and, more imr rtantly, the estimated standard
deviation calculated from the data is likely to be more representative of the ac-

tual standard deviation,

S5.1.1.3 Sampling-of-Levels Method (Distribution Not Normal). Not all projectile-
plate interactions can be modeled to the cumulative normal (ref. 10c, Appendix
J). In these cases, the above procedures are not applicable and the sampling-of-
levels method should be used, (This method has sometimes been referred to as the
binomial method since for each trial there are only two possible outcomes -

7
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partial penetration or complete penetration). ([n this test, a fixed velocity and
obliquity are used and a group of rounds fired at the plata. A point estimate of
the probability of penetration is computed at each velocity level by determining
the ratio of complete penatrations to the number of rounds fired. Groups of
projectiles ara fired at several velocities to determine how the probability of
complete penetration varies with velacity. The number of rounds fired at each
velocity level depands wholly on the level of protection and the confidence one
desires in the results.

S.1.1.4 Probit Design (for Normal Distributions). The probit design of test in-

volves a number of trials at each of several preset levels of severicv, and as
such {s similar to the sampling-of-lavels method. The difference is that the
tera "probit design” is referred to ian the literature as applying only to normal
distcibhutions; the sampling-of-levels method (a tera devised at APG) is used for
distributions that are not normal, Figure | was derived from data obtained from
a probit design of test,

5.1.2 _050 Ballistic Critical Angle (for Normal Distributions). The 650 ballis-
tic critical aungle is determined only when it has advantages over the more common
V5C ballistic limit. It is expressed in obliyuity of the target plate, in
degrees, at which the probability of effecting a complete penetration is 50%.
It is obtained by holding the velocity of the projectile and the plate thickness
constant and varying the obliquity of the armor from round to rouand. To be suc-
cessful, the projectile~target combination must produce a transition from partial
penetrations to complete penetrations, as the obliquity decreases, %=hat fits a
cumulative normal distribution. Thus, the curve would look like that of Figure 1 i
axcept that the abscissa would be labeled "plate obliquity ~ degraes” and might’ i
range, for example, from 25° to 35°. For this test, use a target fixture that
accommodatres various target plate obliquities and permits the use of high-speed

flash radiography (Appendix D, para 4) to deteruine projectile performance upon

impact,

In the 0§50 determination, the up-and-down or the Langlie method of changing con-
ditjons between eazh trial is applied to the obliquity of the target plate rather
than to velocity. Detailed procedures for obtaining 850 by the Langlis Method
are contained in Appendix I. The occasions when it can be desirable to consider
making a 650 critical angle determination rather than a V50 determination are as
follow:

a. The projectile has components, such as discarding sabots or fins, which
cannot function properly at velocities below standard muzzle velocity, and there-
by induce unacceptable projectile yaw, 1In this case, the target would be placed
at the desired range and all projectiles fired using the standard propellant
weights, This application constitutes most of the uzes of the 850 technique.
Since this applicatior requires very large targets and is time-consuming, it
should not be used unless proof has been obtained, using yaw cards, that the
projectile is unst i'e if fired at close-in targets using reduced propellant
welghts,

-

k"
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b. The rounds, as received, are fully assembled and no facilities are
available for reloading the propellant on a round-by-round basis,

¢+ There 1is a requirement to fire at a range where the downward trajectory
of the projectiles will be an important factor regarding penetrating ability of

8
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the projectile. 1In many cases, however, this condit.,n can aasily be simulated
in a V30 test by making an obliquity correction to & close=-in plate equal to the
angle of fall of the projectile at the dosired range. When this can be done, che
V30 test is prefarrved,

d. The test directive specifies tne use of the 050 method asing close-in
targets and the firing of projectiles at a leas-than-standard fixed propellant
weight that will produce a projectile velocity for any range of {oterest., 1In
using this application, it is possible to load '!:e propellant for each round in
advance and theredy aliminate the need for standvy ammunition-loading parsonnel.

e. No information is available on veloci:y of the projectile at down-range
locations, wmaking it impossible to simulate ranie by reducing muzzle velocity.

The disadvantages of the §50 method are:

a. The 050 test requires a facility that can easily change obliquity. This
is not difficult for small arms projectiles btut becomes a major facility problem
with antitank projectiles.

b. A single 850 determination is rarely meaningful since velocity to defeat
a given target has more significance to most enginesars than obliquity at which a
plate must be placed to defeat a projectile.

A fanily of 650 values, using a specific projectile, can readily be converted to
a family of V50 values by interpolation of graphs of the former. This procedure
is shown in Appendix E.

5.2 Resistance-To-Shock Test.

S.2.1 Characteristica. The resistance-to-shock of armor is its ability to ab-
sorb, without cracking or rupturing, the energy resulting from the impact of a
solid projectile or from the explosion of a high-explosive material., The shock
resistance of armor is evaluated by the amount of cracking that develops on a
plate under defined impact conditions. In some cases, the evaluation is based
upon the striking velocity required to produce a specified degree of cracking,
usually the first siga of cracking. 1In shock tests, no attempt i{s made Lo per-
forate the armor.

5.2.2 Projectiles. The projectiles used for this test are either plate—~proofing
projectiles (soft, deformable, flat-nosed, steel or aluminum projectiles which
mushroom upon impact), HE point-detonating projectiles, or HEP projectiles. The
severity of rhe test is a function of striking velocity and weight of the rvound
for KE projectiles, and striking velocity and weight and ty:: of explosive
material for HE rounds, Tests with plate-proofing projectiles are conducted at
0° obliquity. Che results of such a test are shown in Figure 2.
Resistance-to~ghock tests with HE projectiles are conducted either at 0° or at
some other low obliquity.

A L T e Ty e o e T e e R A R e s D N DR G R N s



L N N R Y T W P N W W T U T  EN T T T O T I QT M N ST TR LWL ¢ a PR V™R ™ 4 "8 8 " 8 ™ % oy a0 man - - ==

7 Pabruary 1984 TOP 2-2-710

P

Figure 2. Typical results of resistance-to-shock test of production steel acmor.

iR

$.2.3 Laboratory Tasting. In determining the ability of steel armor to withstand
shock, laboratory testing using the Charpy impact test at minus -40° C (40° F)
precedes the ballistic shock test described in 5.2.1 above. Consequently, aside
from tests of weldments, ballistic resistance-to-shock tests are usually limited
to certain luw temperature tests, special types of armor, and some tnin, face-
hardened, steel armor plates. The explosion-bulge test, designed mainiy for
evaluating the crack susceptibility of weldments, is a laboratory test also
suitable for ghcck-testing unwelded armor plate. This test is described in TOP
2-2-711. Consideration should be given to using this test whenever a ballistic
shock test of armor material is desired.
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S.2.4 Field Testing. Plate-proofing projectiles are available in the following
sises: 37-ma, S7-mn, 75-mm. 90-mm, and 105-mm. HE projectiles of calibers

ranging from 20 wm to 105 mm can likewise be considered suirable for shock tests,
but would ordinarily be employed only when available plate-pronfing projectiles
b are not suitable for imparting the desired amount of shock to the armor or when
HE tests are desired to corroborate results obtained with plate-proofing projec-
tiles. Por tests of steel armor 13 mm (1/2 in.) thick or lighter, HE projectiles
are used, Plate-proofing projectiles are favorad for resistance-to-shock tests
bacause the fuge functioning of HE projectiles introduces a control problem,
. Uncontrollable variations in fusze delay, between the time the projectile strikes
= the armor and the time the fuze functions, can iufluence the amount of shock and
| the resultant damage to the plate,

5.3 Rasistance-to-Spalling Teat.

5.3.1 Characteristics. The resistance-to-spalling test (also known as the |
projectile-through-plate or PTP test) is verformed to detect defects in steel
quality snd heat treatment. These defects, principally laminations and .iack of
toughness, tend to premote the displacement of spall from the back surface of a
plate (fig. 3). Spalling is highly undesirable since it results in the projec-
tion of many additional destructive fragments within an armored vehicle.

Figure 3. Poor-quality steel armor showing excessive backspalling
and plate cracking.

5.3.2 Procedure,

a. The established practice in testing armor for susceptibility to spalling
b is to fire an armor-piercing (AP) projectile at a velocity that will result in
the passage of the projectile completely through the plate (Navy complete
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penetration) even though spalling car occur under a less severe attack. The full
spalling potential of the armor will not otherwise be realized, and inconsistent
results are more likely to occur. The projectile ie fired to strike the plate at
normal (0°) obliquity to promote reproducibility of results and to ensure that

- the projectile remains intact. Usually, a projectile is selected whose diameter
is the same as or slightly greater than the thickness of the armor to be tested.
Typical resictance-to-spalling tests have been used historically for rolled
homogeneous steel armor using the weapons, projectiles, and velocities shown in
Table 1.

TABLE 1 - TYPICAL TEST CONDITIONS FOR RESISTANCE-TO~-SPALLING
TESTS ON ROLLED HOMOGENEOUS STEEL ARMOR - FIRING OBLIQUITY 0°

Armor Thickness Projectile Velocity*
mm in. Weapon m/s fps

16 + 3 mm 1/2 to <3/4 20-mm AP M95 760 to 775 2500 to 2550
~“*generally 60 m/s (200 fps) above the V50 BL.

b. The results of the resistance-to-spalling test are expressed in tarms of
the average exit diameter and the percentage by which the “through" hole ls sur-
rounded by spalled armor (fig. 4). Specifications covering this type of test
permit rejection on the basis ol both excessive average exit diameter and exces-
sive cracking (cracked beyond radius of two diameters of the projectile)
developed within 24 hours of the test,
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Figure 4., Methods of determining dimensions on backspalls,
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5.4 Behind-The-Plate Tests For Lethality Data.

S.4.1 Characteristics. Behind-the-plate lethality tests are usually performed on
steal plates less than 25 mm thick or samples of fabric or plastic armor. AP
projectiles, fragment-simulating projectiles, right cylindrical projectiles, or 1
cubes are fired at the target., The projectiles are fired at velocities high
enough to cause fragments to pass beyond the back of the target. The velocities
of the fragmeants can be measured. The number and distribution pattern of the
fragments are determined., The depth of penetration of the fragments in gelatin
or Celotex is measured and fragments are recovered and weighed. In some
programs, the velocity level of the projectiles can be varied, and the 2ffect on
the number of fragments thrmm, their distribution, penetration depth, and mass
is observed.

5.4.2 High-Speed Camera Technique. An example of one of the test setups is 11-
lustrated in FPigure 5. Projectile striking velocities are measured using printed
circuits located about 5 m (15 ft) from the weapon, and associated chronographic
equipment. The high-speed camera is located so that the moment of impact on the
plate is recorded, along with the ianstant at which each fragment thrown pierces
the gridded black leatherette behind the plate. The latter is made possible by
*he lights indicated in the figure, These illuminate each hole made in the
leatherette instantaneously. A silvered leatherette a few inches behind the
"black assists by reflecting the light back through the holes. The light sen-
5sit1us the camera fila whose running speed is known and upon which a space scale
is wmarked. Thus, the time of flight of the fragment from the moment of impact
with the plate to the moment it pierces the screen can be computed. The distance
from the impact on *he plate to each fragment hole in the black leatherette is
measuted. The average fragment velocity can then be computed. The fragment dis-
tribution is clearly captured on the black leatherette. A 50- by 50- or 75~ by
75-sm (2~ by 2- or 3~ by 3-in.) grid is painted on the leatherette (upholsterer's
plastic), and the horizontal and vertical axes are marked with numbers and let-
ters, respectively. Thus, the location of each impact is defined by the grid
- coordinates. The point of impact of the projectile on the plate is projected on
3 the leatherette, This allows an analysis of the distribution using rhe point of
© impact as the origin. The rear silvered leatherette facilitates tracing the
fragment path to the gelatin. Wires fed through holes in the froat and back
leatherettes positively identify the point of impact of the fragment in the
gelatin. The depth that each fragment penetrates the gelatin or Celotex is
measured. The fragments are recovered from the gelatin or Celotex and each frag-
ment 1s weighed.

e e —— i i L

5.4.3 Erinted Circuit Technique. Printed circuits, spaced a short distance apart
behind the target, can be used for measuring residual velocity of a projectile
when it 1is fairly certain that the projectile will pass through the target
without pushing fragments ahead of it that would strike the printed circuits
first. Otherwise, the velocity of the leading fragment will be obtained which
has limited usefulness. When fragments are expected, witness material such as
Celotex or Nuwood 1s placed behind the printed circuits to determine the dis-
tribution of fragments and to recover fragments for determining depths of
penetration and weights.
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Screens /. .
: &"—- Fastax Camera

0° (12 o'clock)

Armor Plates and Velocity Pansl —
as Viewed from Cameras Position

X = rFragment impact, located by angles © and 2

Figure 5., Test setup for fragment distribution studies,

5.4.4 Radiogrephiic Technique. The radiographic techrnique for studying lethality
of behind-the-plata fragmentu involves the use of orthogonal pairs (90° apart) of
flash radiographic units, one pair being located directly behind the plate and
another pair located 0.3 m or so (typically, 36 cm (14 in,)) beyond that. The
raliographic units are trizgered to record fragment images on film, from which
velocities can be computed and areal distribution and fragment sizes determined.
Place 13-mm (0.5-in.) wallboard farther down range to assist in making distribu-
tion determinations. The velocity and yaw of the attackiag precjectile just
before impact can also be determined with an additional two pairs of orthogonal
radiographic units viewing an area in front of the target, Greater details on
this technique can be obtained from reference 10a and TOP 4-2-825 (Appendix J).
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